We update our approximate parametrizations of the three-loop splitting functions for the evolution of unpolarized parton densities in perturbative QCD. The new information taken into account is given by the additional Mellin moments recently calculated by Retey and Vermaseren. The inclusion of these constraints reduces the uncertainties of our approximations considerably and extends their region of applicability by about one order of magnitude to lower momentum fractions x.
In order to achieve a high accuracy of the predictions of perturbative QCD for hard processes, the calculations need to transcend the standard next-to-leading order (NLO) approximation. For processes with initial-state hadrons, the next-to-next-to-leading order (NNLO) expressions include the three-loop splitting functions. The computation of these functions is under way [1] , but will not be completed in the near future [2] .
Partial results have already been obtained [3] [4] [5] [6] [7] [8] [9] , however, most notably the five lowest even-integer moments for the flavour non-singlet combination entering electromagnetic deep-inelastic scattering (DIS) [3] , and four moments for the singlet splitting functions [4] . In refs. [10, 11] we have demonstrated that this information -due to the smoothening effect of the ubiquitous convolution with the initial parton densities and the small size of the corrections -is fully sufficient for momentum fractions x > ∼ 0.1 and leaves only small uncertainties down to x ≃ 10 −3 at scales above about 10 GeV 2 . We have provided approximate parametrizations for the three-loop splitting functions, including quantitative estimates of their residual uncertainties. These results have already been applied [12] to structure functions in DIS and Drell-Yan cross sections at hadron colliders, for which the subprocess cross sections have been computed up to NNLO [13, 14] .
Very recently the fixed-moment calculations of refs. [3, 4] have been extended, using improved computing resources, up to the twelfth moment [2] . For the first time also (odd) moments of the three-loop valence splitting functions have been obtained there. These results provide a severe check of our approximation procedure, as the latter led to rather tight predictions for the (tenth and) twelfth moments. This test is passed by the results of refs. [10, 11] . In this letter we update these parametrizations by including the moments of ref. [2] in the derivation. As a result the residual uncertainties are greatly reduced, and the region of safe applicability is extended by about one order of magnitude in x, an improvement most relevant for applications to structure functions at HERA [12] .
Our notations for the parton densities and splitting functions are as follows: the nonsinglet combinations of quark and antiquark densities, q i andq i , are given by
N f stands for the number of effectively massless flavours. The corresponding splitting functions are denoted by P ± NS and P
The latter function, P S NS , occurs for the first time at O(α 3 s ). Except for the vanishing of the first moment, it was unknown before the calculation of ref. [2] . The evolution equations in the singlet sector are written as
Here g represents the gluon density, and ⊗ denotes the Mellin convolution. The expansion of all these splitting functions in powers of the running coupling constant α s reads
if the renormalization and factorization scales are identified, µ r = µ f . The additional terms for µ r = µ f are exactly known up to NNLO and need not to be considered here.
Let us briefly illustrate our approximation procedure for the case of the N f term, P (2) qg,1 (x), of the gluon-quark splitting function P qg which dominates the small-x evolution of the quark densities. Taking into account the small-x result of ref. [5] , the expected form of this function in the MS scheme employed throughout this paper is given by
where f smooth is finite for 0 ≤ x ≤ 1. We choose three or two of the large-x logarithms, one or two smooth functions (mainly low powers or simple polynomials of x) and two of the small-x terms (x −1 and ln x or ln 2 x). Their coefficients are then determined from the known six moments [2, 4] . Varying these choices we arrive at the about 50 approximations compared in Fig. 1 . The two representatives spanning the error band for most of the xrange are finally selected as our estimates for P f terms, hence for them it suffices to select just one central representative. Note that the previous information, four (five) moments in the singlet (P + NS ) sector, respectively, was not sufficient to fix the coefficients of the subleading small-x terms ∝ x −1 (ln 3 x) from the moments. Thus we had to resort to conservatively varied, educated guesses inspired by the NLO results. Except for the case of P (2)+ (where the rightmost pole in Mellin space is not one, but two units away from the lowest calculated moment) we can now dispense with these ad hoc estimates.
We now write down our improved parametrizations, using the abbreviations
Two approximations, denoted by P
A and P Our new expressions for the non-singlet splitting functions P
and
The ln 4 x terms in Eqs. (6) and (7) stem from ref. [7] . The exactly known N 2 f contribution P (2) NS,2 (x) for both cases [6] is given in Eq. (4.13) of ref. [10] . P (2)+ NS (x) and P (2)− NS (x) are compared at x < 1 in Fig. 2 , for N f = 4, to our previous approximations based on one moment less for P (2)+ NS and mostly indirect information on P (2)− NS (x). Our present results are consistent with, but considerably more accurate than those of ref. [10] .
In contrast to P qg and P gq , the transition from one to two loops leads only to ln 1 (1 −x) terms in P NS and P gg . Assuming correspondingly that no large-x logarithms beyond ln
NS , the coefficients of the 1/(1 − x) + term of the (also about 50) test functions considered for P ) , respectively, from the flavour independent ('sea') parts of the quark-quark and quark-antiquark splitting functions. The former combination carries the colour factor d abc d abc which does not occur in P − NS ; this fact facilitates the separations of the two terms in the results of ref. [2] . Both P S NS (x) and P PS (x) vanish at x = 1, but are large at small x. The parametrizations selected for the a 3 s contributions to these two functions are given by P 
PS,2 (x) P 
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The (ln x)/x term in Eq. (9) has been derived in ref. [5] .
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gq,2 (x) (13) with
Unlike the case of P (2) qg discussed above, the coefficients of the leading small-x terms (ln x)/x have not been derived for P (2) gq up to now. Thus these coefficients in Eq. (13) have been determined, as before [11] , from the available moments.
The 1/[1 − x] + soft-gluon contributions to the one-and two-loop gluon-gluon splitting functions, P (0) gg and P (1) gg , are related to their quark-quark (non-singlet) counterparts by a factor C A /C F . The same holds for the N 2 f terms at third order [6, 8] . Assuming that this relation holds generally for P (2) gg , the results given below Eq. (7) can be employed. In this way we arrive at the approximate expressions P
gg,2 (x) P 
gg,2 (x) (15) with
The (ln x)/x terms in Eq. (15) have been determined in ref. [9] in a scheme equivalent to the DIS scheme up to NNLO. The transformation to MS can be found in ref. [11] .
The uncertainty bands for the three-loop singlet splitting functions resulting from Eqs. (9)- (16) are displayed in Fig. 3 for N f = 4. As in the non-singlet cases considered above, our new parametrizations considerably improve on the previous uncertainties. While the small-x behaviour of our approximations obviously depends on the results of refs. [5, 9] , it is worthwhile to note that reducing the N 0 f coefficient of (ln x)/x in P (2) gg by a factor of two does not lead to approximations outside the error band in Fig. 3 .
In Fig. 4 we finally illustrate the impact of the NNLO terms on the scale derivatives (2) of the singlet quark and gluon densities. As in ref. [11] the initial conditions are chosen as
corresponding to µ 2 f ≃ 30 GeV 2 . Under these conditions the residual uncertainties of the three-loop contributions amount to about ±2% or less down to x ≃ 10 −4 , even if the bands in Fig. 4 were increased by 50% in order to account for any possible underestimate of the errors. At lower scales the flatter small-x shapes of the quark and gluon densities, together with the larger α s , lead to larger uncertainties at small x. At x = 10 −4 and µ 2 f ≃ 3 GeV 2 , for example, they reach about ±4% and ±3% for the singlet quark and gluon derivatives, respectively, for standard NLO distributions like CTEQ4M [16] . These numbers represent improvements by about a factor of three on our previous results [11] . Thus our present approximations, based on the results of ref. [2] , facilitate a reliable NNLO evolution of unpolarized parton densities down to, at least, µ Fortran subroutines of the above approximations of the three-loop splitting functions can be obtained via email to neerven@lorentz.leidenuniv.nl or avogt@lorentz.leidenuniv.nl. 
qg,1 of the three-loop splitting function P
qg (x), as obtained from the six lowest even-integer moments [2, 4] together with the leading small-x term of ref. [5] . The full curves represent those functions selected for Eq. (11). NS (x) for N f = 4, as obtained from Eq. (7) together with Eq. (4.13) of ref. [10] . The dotted curves represent our previous parametrizations [10] . Bottom: The same for P 
ij (x) for N f = 4. P (2)is obtained by adding P PS (x) of Eqs. (9) and (10) . Our previous parametrizations [11] are also shown. 
